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Abstract 
 
The aim of this paper is to realize a description of forest soils from these two counties. The work material is 
represented by soil analysis data from forest management plans made after 1980. These data are part of a huge national 
database performed by National Institute for Research and Development in Forestry (INCDS) „Marin Dracea”. 464 soils 
from Cluj county and 591 soils from Harghita County were analyzed in this study. In total, 2867 soil genetic horizons 
were analyzed. In Cluj County, the relief consists predominantly of hills, while Harghita County is an area with mostly 
mountain areas. The common types of soils from Cluj County are eutric cambisols, dystric cambisols, preluvosols and 
luvosols. These soils are rich in humus, while the reaction is strong acid to moderate acid and oligomesobasic to eubasic. 
In Harghita County, the eutric cambisols and dystric cambisols are the most common soil types. The first ones (eutric 
cambisols) are mezobasic to eubasic while the last ones (dystric cambisols) is oligobasic. 
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1. Introduction 
 
 The total forest area from Cluj County 
encompasses 162688 ha for the year 2015, while for 
Harghita County the number 264113 ha according to 
the National Statistic Institute [15]. The state 
administration, Romsilva, manages through its 
afferent forest districts 116383 ha in Cluj County and 
only 91169 ha in Harghita County [16]. The purpose 
of this paper is to realize a description of the soils 
from these two counties forest fund.  
 
2. Material and Method 
 
The present paper intends to monitor the 
physical-chemical properties of forest soils from Cluj 
and Harghita, starting with the year 1980 up to 
present days. 
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The analyzed properties were: pH, humus 
content, carbonates content, the basis exchange 
capacity (Sb), hydrogen exchange capacity (Sh), total 
cationic exchange capacity (T), base saturation 
degree (V) and texture. All these analysis are 
centralized in the analysis bulletins of each forest 
district and are part of an extended national database 
realized by INCDS „Marin Dracea”, based on forest 
management plans. The methods used in the analysis 
of soil samples are the accredited national and 
international methods [5]. The laboratory works were 
realized in the Pedology Laboratory from ICAS 
Bucuresti (until 1998) and the Pedological and foliar 
analysis laboratory from INCDS „Marin Dracea” 
Brasov, for the soils samples from the monitored 
counties. The laboratory analysis results were 
organized in a database, analyzed and then 
interpreted from a pedological point of view. On the 
whole, 1055 soil profiles and 2867 pedo-genetical 
horizons were analyzed. Amongst them, 464 profiles 
and 1191 horizons were from Cluj County [17], while 
591 profiles and 1676 horizons were taken from 
Harghita County [18]. 
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3. Results and Discussions 
 
Cluj County. First and foremost, the existent 
soil types and their predominance were taken into 
account. With this purpose in mind, a diagram was 
realized in order to emphasize the predominance of 
each encountered type of soil (Fig. 1). 
 
 
 
Figure 1. The predominance of forest soils identified 
in Cluj County  
  
As such, the most prevalent soil types are the 
ones from Cambisols class, occupying over 50% 
from the county’s total forest soils. The first place is 
occupied by eutric cambisol (27%), followed by 
dystric cambisol with 25%. Places 3 and 4 are 
occupied by soils from the Luvisols class, namely 
18% preluvosol and 14% luvosol. The two classes, 
Cambisols and Luvisols represent together 84% from 
the total Cluj forest soils. In more reduced 
percentages, under 10%, are present soils such as 
entic podzols, haplic phaeozems and rendzic 
leptosols. At the country’s level, eutric cambisol 
occupies the third place as dispersion in forest soils 
(with a surface of 869909 ha), dystric cambisol 
occupies the first place (2292350 ha), preluvosolul 
the fifth place (335050 ha), and luvosol the second 
place (1440052 ha) [7]. In a nearby county, Bistrița-
Năsăud, the most spread agricultural soils are the 
ones from Luvisols class, while the Cambisols class 
occupies a third place [1]. On the other hand, in the 
alpine and subalpine meadows from Rodnei 
Mountains National Park, the most spread type of soil 
is the podzol, while the dystric cambisol occupies 
only the fifth place in this region [12]. A mapping of 
agricultural soils was realized on Arieș Valley, and 
the most prevalent soil types were preluvosols, 
chernozems and luvosols [10]. 
 A diagram for the soil reaction was realized 
for the most widespread soils (eutric cambisol, 
dystric cambisol, preluvosol, luvosol), differentiated 
on genetic horizons (Fig. 2).  
 
 
 
 
Figure 2. pH variation on genetic horizons for the 
most widespread forest soils from Cluj County  
  
The lowest pH values are recorded for dystric 
cambisol, both at the surface in the A horizon, as well 
as at depth in the B horizon, these values being in the 
4-5 interval. pH values closer to 5 are also observed 
in the luvosol’s E and A horizons. Similar pH values 
in the Ao and El luvosol horizons were also 
determined in other studies, such as the one realized 
in OS Făget (Timiș County) over the stagnate 
luvosols where the pH values in both horizons had 
gravitated around the value 5 [2].  
For cambisol and preluvosol, the pH is 
included in the 5-6 interval, both for the Ao and Bv, 
Bt horizons. By interpreting the average pH values, 
the reaction is moderately acid for eutric cambisol, 
preluvosol and luvosol and strongly acid for dystric 
cambisol.   
  In regard with the total cationic exchange 
capacity, an average value was calculated per profile 
and was rendered for each soil (Table 1). Haplic 
phaeozem and rendzic leptosol are the soils with a 
very large cationic exchange capacity (>25 me 100 g-
1 sol), while all the other soil types are situated in the 
large category.  
 
Table 1. Medium humus content and total cationic exchange capacity for forest soils from Cluj County  
Medium cationic exchange capacity per soil type (me 100 g-1 sol) 
Eutric 
cambisol 
Dystric 
cambisol 
Preluvosol Luvosol Entic podzol 
Haplic 
phaeozem 
Rendzic 
leptosol 
24,65 20.49 23.70 21.42 20.43 29.71 25.43 
Medium humus content in the A horizon per soil type (%) 
4,56 5.93 4.1 4.30 11.72 5.58 4.79 
eutric cambisol; 27%
other soil types; 2%
rendzic leptosol; 4%
haplic phaeozems; 4%
entic podzol; 5%
luvosol; 14%
preluvosol; 18% dystric cambisol; 25%
 Mean 
 Mean±2*SD 
 Min-Max 
Ao Bv Ao Bv Ao Bt Ao El Bt
                    Eutric         Dystric    Preluvosol       Luvosol
                   cambisol    cambisol                 
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A very important soil parameter is the humus 
content [8, 14]. Together with clay, the humus helps 
to retain and reduce the levigation of some soil 
cations [11]. Regarding this parameter, the average 
content from the A horizon was determined for each 
identified type of soil (Table 1). The largest quantity 
of humus is encountered for entic podzol (11.72%), 
which is situated thus in the very intense humifer soil 
category. All the other soil types had similar values 
of humus content, situated in the interval 4.1 – 5.93. 
As such, dystric cambisols and haplic phaeozems are 
intensely humifer soils, while eutric cambisols, 
preluvosols, luvosols, rendzic leptosols are 
moderately humifer soils. Luvosols moderately 
humifer were encountered in other studies, such as 
the case of luvosols from FD Livada, Satu Mare 
County [4]. 
A diagram was realized for the base 
saturation degree (V) with its variation for the most 
widespread soils from Cluj County, calculated as 
average per profile (Fig. 3). It can be observed that 
the largest variation amplitude is registered for 
preluvosols, while the lowest is for dystric cambisol. 
By interpreting the average values of the base 
saturation degree, this is situated in the interval 60 – 
70% for eutric cambisol and preluvosol, which are as 
such, mezobazic soils. Dystric cambisol is the soil 
with the lowest average value for the base saturation 
degree, (under 40%), being situated as such in the 
oligomezobazic soil category.   
 
  
 
Figure 3. The variation of the base saturation degree 
for the most widespread forest soils from Cluj County  
  
Harghita County. Similar to Cluj County, the 
first step consisted in creating a diagram for 
establishing the predominance of each type of soil 
(Fig. 4).  As such, an overwhelming percentage can 
be observed for the soils from Cambisols class 
(84%). A similar situation was observed in 
Maramureș County where Cambisol soils have a 
predominance of 79% from the total identified soils 
[3]. The predominant soil type is eutric cambisol with 
over 50%, followed by dystric cambisol with 33%. 
The soils from this class are the most widespread 
forest soils from the inferior and average area of the 
Carpathians [13]. Other type of soils that were 
identified are rendzic leptosol, with 6% and more 
acid soils such as entic podzol, luvosol and andosol 
in very small percentages.  
 
 
 
 
Figure 4. The percentage of forest soils identified in 
Harghita County 
 
Regarding the soil reaction, the similar 
procedure as for Cluj County was applied: realizing a 
diagram for the most widespread soils and their 
differentiation on genetic horizons (Fig. 5). In the A 
horizon, both for eutric cambisol, and for dystric 
cambisol, the average value of pH is lower than in the 
B horizon. The variation amplitude is lower in the B 
horizon, for both soils. The eutric cambisol reaction 
is moderately acid in both horizons (with regard to 
the average value), while for the dystric cambisol is 
strongly acid, both at the surface as in depth. 
 
 
 
Figure 5. pH variation on genetic horizons for the 
most widespread forest soils from Harghita County 
 
For the total cationic exchange capacity, the 
average was calculated per profile and rendered in the 
similar way as for Cluj County (Table 2). For 4 from 
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the 6 forest soils identified in Harghita County, the 
total cationic exchange capacity is situated in the very 
large category. The other two types (luvosol and 
andosol) have a large total cationic exchange 
capacity. For the dystric cambisol situated in a 
mountain area (Piatra Craiului Massif), a lower value 
was determined for the total capacity, namely 11.40 
me 100 g-1 sol [9]. 
 
Table 2. Average humus content and total cationic exchange capacity for forest soils from Harghita County 
Total cationic exchange capacity per soil type (me 100 g-1 sol) 
Eutric 
cambisol 
Dystric 
cambisol 
Rendzic 
leptosol 
Entic podzol Luvosol Andosol 
26.57 26.34 34.59 32.51 17.57 24.15 
Average humus content in the A horizon per soil types (%) 
6.57 9.96 8.41 13.71 4.98 10.21 
 
The humus content was determined as average 
for the A horizon for the main encountered soils 
(Table 2). It can be observed that the most acid soils 
(entic podzol and andosol) have the largest quantities 
of humus, being very intense humifer soils. These 
results are similar with the results of other 
investigations realized for forest soils at the level of 
the entire country:  an average humus content of 47.9 
g kg-1 was established for entic podzol at the surface, 
while the value reaches 45.8 g kg-1 for andosol [6]. 
The other types of soil present significant humus 
quantities, being situated in the category of intense 
humifer soils. However, another study realized in FD 
Baia Mare, as well as in other forest districts, has 
established smaller humus quantities for eutric 
cambisol (with an average of 2.27% in the Ao 
horizon), but also for dystric cambisol (2.25% 
average in the Ao horizon) [8]. This aspect can be 
explained by the lower number of soil profiles 
realized.  
  
 
 
Figure 6. The variation of the base degree saturation 
for the most widespread soils from Harghita County 
  
Regarding the base degree saturation (V), it 
was calculated as average for the entire soil profile, 
so that a major difference can be observed between 
the two soils. Eutric cambisol is situated in the 
superior part of the variation interval, while the 
dystric cambisol is in approximately the first half of 
the interval (Fig. 6). By interpreting the average 
value, eutric cambisol is a mezobazic soil toward 
eubazic, while dystric cambisol is oligomezobazic, 
even extremely oligobazic if we interpret its 
minimum values.  
  
4. Conclusions 
 
The most widespread forest soils in Cluj 
County are the soils from Cambisol and Luvisols 
classes, which hold over 80%.  Amongst them, the 
most acid soils are dystric cambisols, while the 
higher pH values are recorded for eutric cambisols, 
respectively preluvosols. The largest humus content 
appears in the case of entic podzol, although all soil 
types present a high quantity of humus. The main 
forest soil types encountered have high and very high 
values for the total cationic exchange capacity. 
Regarding the base saturation degree, the largest 
variation amplitude was observed for preluvosol. 
In Harghita County, the soils from Cambisols 
class are more predominant (84%), while very low 
proportions were found for rendzic leptosol, entic 
podzols and luvosols. A more acid reaction was 
observed in the A horizon than in the B horizon for 
the soils from Cambisols class. The most acid soils 
(entic podzol, andosol) have the largest quantities of 
humus, being intensely humifer soils. As was the case 
in Cluj County, all identified soil types have high 
values for the total cationic exchange capacity. From 
the point of view of the base saturation degree, eutric 
cambisols are mezobasic soils towards eubazic, while 
dystric cambisols are oligomezobazic up to 
extremely oligobazic soils. 
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